Edged plane pyrolytic graphite electrode (EPPGE) was modified with and without Prussian blue (PB) nanoparticles and polyaminobenzene sulphonated single-walled carbon nanotubes (SWCNTPABS) using the chemical deposition method. The electrodes were characterised using microscopy, spectroscopy and electrochemical techniques. Results showed that edged plane pyrolytic graphite-single-walled carbon nanotubes-prussian blue (EPPGE-SWCNT-PB) electrode gave the best dopamine (DA) current response which increases with increasing PB layers. The catalytic rate constant of 1.69 x 10 5 mol -1 cm 3 s -1 ,
Introduction
Carbon nanotubes (CNTs) are excellent electrical conducting nanowires with unique properties such as high tensile strength, electrical conductivity, chemical stability and flexibility. They are essential and promising materials in the field of nano-science and nanotechnology because of their electronic properties and large surface area [1] [2] [3] . Their contribution to the improvement of electrical properties of some bare electrode such as the glassy carbon [4] [5] [6] , graphite [7] [8] [9] [10] , carbon fiber [11] , gold [12] [13] [14] [15] , and platinum (Pt) electrodes [16] have been reported. As part of its numerous applications, Han et al. [17] and Co 3+ , and Ni 2+ [18] . This metal substitution and variation leads to a combination of properties that are not readily found in other inorganic materials [19] . Its unique properties, synthetic versatility and the ability of the cyanide ligands to bridge other ions have been explored in its application in electrochromic devices [20] , nanomagnetic devices [21] , biomedical sensor [22] , molecular sieves [23] , catalysis [24] and in solid-state batteries [25] .
Prussian blue nanoparticles exhibit excellent electrical properties which are different from those of their bulk. Among other methods, electrochemical deposition [26] , chemical deposition [27] and the self-assembling method [23] have been used for PB decoration on electrodes. Agents, such as anionic surfactant sodium bis (2-ethylhexyl) sulfosuccinate [28] , sodium hexametaphosphate [29] , apoferritin [30] , stearylamine [31] or nafion [32] are used to stabilize PB nanoparticles on electrode surfaces [33] . However, some of these binders may result in poor electrical conductivity of the electrode. PB prepared by chemical deposition was considered to be more stable within a wide range of pH [17] compared to the electrochemical method of preparation where PB properties can be affected by preparation conditions such as potential [26] , current [34] , and scan rate [26] . The self assembling method, on the other hand, results in polymolecules which increases the impedance of the electrode [17] .
There have been reports on excellent interaction between CNTs and PB through interaction [35] and electrostatic attraction [36] . Carbon nanotubes Prussian blue (CNTs-PB) modified electrodes have been applied in the detection of many biomolecules including hydrogen peroxide [19, 21] , haemoglobin [37] , glucose [27] , and DNA [38] . Recently, there was a report on the electrocatalytic oxidation of diethylaminoethanethiol and hydrazine using SWCNT-PB modified electrode [39] . However, to the best of our knowledge, there are no literature reports on the detection of dopamine using the edged plane pyrolytic graphite electrode-single-walled carbon nanotubesprussian blue (EPPGE-SWCNT-PB) nanocomposite modified electrode.
Dopamine (DA) is a well known biomolecule that acts as a neurotransmitter in both the central and peripheral nervous system. Low concentration of this compound in the extra cellular fluid of the caudate nucleus or its complete depletion has been associated with Parkinson's disease in which causes the affected patient not to have the ability to control over his/her movement [40, 41] . Other diseases resulting from abnormal metabolism of dopamine include epilepsy and senile dementia [42, 43] . Thus, there is need for the fabrication of sensitive, specific and selective biosensors that would discriminately detect DA in the presence of other interfering species such as ascorbic and uric acids. This study explores the unique properties of SWCNT-PB nanocomposite formed via sequential chemosynthetic steps on a pyrolytic graphite electrode. In this paper, we show that the fabrication of this electrode is simple and, more importantly, provides well-defined voltammograms for catalytic detection of dopamine, as well as simultaneous detection of dopamine in the presence of ascorbic acid. We also demonstrated the effect of the PB layers in EPPGE-SWCNT-PB electrodes on the DA current response.
Experimental

Materials and Reagents
Single-walled carbon nanotube-poly(m-aminobenzenesulfonic acid) 
Equipment and Procedure
The edge plane pyrolytic graphite electrode plate (3 mm diameter) was purchased from Le Carbone, Sussex, UK and was constructed locally at the 
Electrode modification via sequential chemical deposition
The EPPGE surface was cleaned by gentle polishing in an aqueous slurry of alumina nanopowder, Sigma-Aldrich (grain size <100 nm) on a SiC-emery paper and finally to a mirror finish on a Buehler felt pad. The electrode was then subjected to ultrasonic vibration in absolute ethanol to remove residual alumina particles that might be trapped at the surface. 
Results and Discussion
AFM images, EDX and UV-vis spectra
UV-vis-absorption spectroscopy characterization of the SWCNT-PABS, PB and the SWCNT-PB nanoparticles.
UV-vis absorption spectroscopic analyses were performed to further confirm the formation of the SWCNT-PB nanocomposite. Figure 3 compares the UV-vis spectra of the PB, SWCNTPABS and the SWCNT-PB solutions. The PB forms a stable nano films with the SWCNT-PABS through both - and electrovalent interactions [35, 36] . The SWCNTPABS have a characteristic absorption band at about 243 nm which is lower than the 260 nm reported by
Wang et. al. [44] , and was described previously by authors as the characteristic of the adsorption of the assembled CNTs [45] . reported literature values [17, 44] . The absorption bands at 243 nm for the SWCNTPABS disappeared after the deposition of PB nanoparticles on the SWCNTPABS to give SWCNT-PB nanoparticles, and a reduction in the PB band intensity indicating successful transformation of the SWCNTPABS to SWCNT-PB. Other spectroscopic techniques confirming the successful deposition of PB nanoparticles on the SWCNT-PABS were previously reported [39] . 
Electrocatalytic oxidation of dopamine
The stability of the film and the electrochemical characterisation of the fabricated electrodes EPPGE, EPPGE-PB, EPPGE-SWCNTPABS, EPPGE-CTABSWCNT-PB and EPPGE-SWCNT-PB used in this study were previously reported [39] . 
Figure 4 here
The impact of the number of PB layers on the electro-oxidation of DA using 0.1 mM deposition solution was then investigated. The result shows current response (after background subtraction) increase as the layer increased from one to three [295.0 µAcm -2 (SWCNT-3PB) (Fig. 4biii ) > 257.0 µA (SWCNT-2PB) (Fig. 4bii) > 146.0 µAcm -2 (SWCNT-PB) (Fig. 4bi) ]. Further increase in the number of PB layers shows no significant increase in the current density; an indication that further addition of PB might be forming a passive layer instead. Noteworthy, the same investigation carried out using higher concentrations of deposition solutions (1.0 and 10.0 mM) shows no significant increase in the current density. This is an indication that deposition solution concentration might not be playing a significant role in the rate or quantity of PB deposition rather; it is the deposition time. This outcome is not surprising since all the depositions were carried out using the same deposition Presently, there is little information on the electrochemical impedance study on DA oxidation.
Effect of varying scan rate
The effect of scan rate (25 to 1000 mVs -1 ) on the EPPGE-SWCNT-3PB electrode kinetics during dopamine oxidation was investigated using cyclic voltammetry experiments. This procedure was repeated six times and the relative standard deviation (SD) obtained was <5%. A pair of well-defined redox peaks, with equal peak current heights at all scan rates, were observed (Fig. 6a) . The peak-to-peak separation (ΔE p ) increased from 76 mV at 25 mVs -1 to 654 mV at 1000 mVs -1 . Deviation of ΔE p from the ideal 59.8 mV value expected for a one-electron reversible process is indicative of weak electron transfer as the scan rate increases. The plot of the anodic (I pa ) peak current against the square root of scan rate (n 1/2 ) is linear (Fig. 6b) , with a negative intercept suggesting that the reaction at the electrode is not completely diffusion controlled but involves the adsorption of DA oxidation intermediates on the electrode surface. Using the Tafel equation (Eqn. 1) for a reversible process [46] , and from the slope of the plot of peak potential (E p )
vs. lognfor both the forward and the reverse processes (not shown), a Tafel slope of 558.6 mVdec -1 was obtained which implied a strong binding of reactants or intermediates on the electrode surface, or reactions occurring within a porous electrode structure [47] . Figure 6 here Furthermore, the catalytic reaction kinetics using the rotating disc electrode (RDE) technique was explored. This procedure was also repeated six times and the relative standard deviation (SD) obtained was <4%. Figure 6c depicts the RDE voltammograms obtained at different rotating speeds (ω) for -4 M DA at the EPPGE-SWCNT-3PB. Figure 6d is 
where E app is the applied potential, E eq is the equilibrium potential, I k is the kinetic current, i L is the limiting current (plateau in RDE voltammogram), i is the measured current at a given potential, R, T and F have their usual meanings, n is the kinetic parameters for the electrode process. At 2500 rpm, the plot of E app versus log I k (inset in Fig. 6d 
e -SWCNT-PAB-SO3 Scheme 1: Proposed mechanism for the electrocatalytic oxidation of DA on EPPGE-SWCNT-PB modified electrode.
At pH 7, DA (pKa 8.9) exists as a cation with a positively charged amino group [51] . Equation ( 
3.5.
Electroanalysis using square wave voltammetry (SWV),
chronoamperometric (CA) and linear sweep voltammetry (LSV).
Concentration studies were carried out using different techniques at a fixed potential of 0.20 V. This procedure was repeated five times and the relative standard deviation (SD) obtained was <3%. These are exemplified by chronoamperometry (Fig 7a) and linear sweep voltammograms (Fig 7b) . The analytical data obtained in this study compared favourably and even better with other values earlier reported in the literature for some modified electrodes towards DA detection [53] [54] [55] [56] [57] [58] [59] . The LoD value (2.7 nM) was about order of 2 magnitudes better compared to the value obtained from our recent work with Fe 2 O 3 nanoparticle modified electrode [53] .
The re-usability and stability of the EPPGE-SWCNT-3PB were also examined.
The electrode was firstly repeatedly cycled (50 runs 
Conclusion
This study investigated the electron transfer behaviour and the catalysis of 
